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The resulti of an inveetilerrption ar eeveral Internal water- 
lwrtmeparation InletEl conlsietfng of a maln dnct snd BP alter- 
mate dnct desf@md to parevent l!%u~ically the entrance ar large 
qp8?IHtiea of water in.0 a tQrbojeb engine In icing cozditials axe 
presented. Total-prreeeure lo~ees abl icingcharacteristics for a 
aifect-ranl Inlet a& the aertla-8eparation Inlet8 a% camgared at 
Eaaller vc Ed Edluulatnil Icing conditions. 

ccmrp1ete ice~tiionfor ~etgtlzdevanee couldnotbe . 
edhisvsd with tbe lnt?mtla-8eparation Inlets immstl&atsd. Applral- 
~tely8percent~thevolnmsaf~terenteringthe~elles 
?xaudwdinthealrpaaeingiPtothec~asorinlst. Hegpy 
alternate-duct-elbovicefomatiom3 cammdbyeecoMary tirtia 
+qaraticnresalted iarapidtotal-~eure losses tidecresses 
Inmass flow. The duration in an icing codlltion for an Inertia- 
e~i~inlst,vithoutLocalsurfaoehesting,~~reased 
appcdmatelyfourtimw dbaw3Xtiat foradlrect-raminletwltha 
-ear-inlet sqreexl. Foranrmalnonlcingoperatlon, the lnertla- 
mpsration--total--sure lcssesww~ecmparableto adirect- 
rmn lIlfJtal.latian. Ihe pressure loesea and the circumferential ml- 
foml~aPthemaeef2mvlnaUthe i.nletswemrelatl~ely~e- 
psMemtaf~ofat&ack. Ui3e of an ~neartfa43eparaticn inlet 
~inaaost~eersq~alargbrdiametear~llethanadirect- 
ramInlet lncmlertoobtalnaualternateduot sufficiently lare 
topesstherequlredemglmsa3rflouat duct Machnmitwra below 
1.0 at the lleamlmarea. * 

TnPbojet-mglne Zce prrotec '.on by means of an Inlet designed 
toeepafatethefrw l~~uldwaterfrcmthe intake alrbyuater 
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lnertla separation ls shown to have poseibllitles in refereme 1. 
All the Inlets investigated oonsisted of a.single-inlet nauelle 
(fig. 1) followed by.8 main duet for nonicing operation a& an 

'alternate duct with sharply ourved passages through whloh air, 
,wlth a reduced water ooutent, passed to the o-em unit during 
an laing txxa1t1on. The results obtained ln the investi@ions of 
referenue 1 shmed that ocmplete water separation ootiLd be obtained 
only at the expmse of considerable total-pmeeure loeses when the 
air passed through the alternate duet. 1416 waterieeparation effeo- 
tlveneee of inertia-separation inlets 3s shown in reference 1 to 
be a funotion of altemate-dutit-Inlet gap (flg. l), radial offset 
of the duot-eplitter ring with rwpeot to the nacelle inlet, our- 
v8twm af the sltemmtie4Iuot eurfaoes, & sir veloaity through the 
duet. Designoharts.inreferenoel~iuate that small Inlet gaps 
'arereguiredto~vents~loloaddroglets frauenterlngthe 
alternate duct. Asmall lnletgap,howemr, IAults themsse flow 
through the aBekate duet and mutes high duot-alr veloulties 
that cause large premsure losses. 

gevez~~llmpromd deslgnm, bssed onthe imestlgatlonofrefer- 
eme 1, were developed at the RAOA Imle laboratory; these deeigua 
were Intended to operate in nonloing oo&itloPs at pmseure-lose 
values -able to dlrimt-rerm InhAs md to give edequate ice 
proteotion with 6utiefactory ~eure rwovery through the alter- 
nate duet ln au loing conbltion. 

The four water-inertia-separation inlets evaluated herein 
were deelguedwiththe aid of asJnqlifled analysis mxl thedesign 
aharta prwentedln~fereqoe1,where8s the inlets previously 
investl~t~weredwignebbyssyet~tlovariatianof the oou- 
figuratlonocauponente priortothedevelo~tofdesigu t&arts. 
Asrodynamio and ioing etudies of these four water-inertia-separation 
inlets reported herein were oondu&ad in the EACA 6- by g-foot 
icing-research tunuel. The.data were analyzed to obtain preeeum- 
lose values atelmllarmse air flows &to ccmpare the lolngtol- 
erawe that oan be obtained with inetiia-eepmatlou l&lets with 
that obtained with a aonventioual dlreot-ram inlet. 

Thsfollowingsymbols are used lnthls repmt: 

A area, equare feet 

h' radial offeet of duat-eglltter ring, Inohm 
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height of duet at iustrumentatlon stations, In&es 

dlstamefrcm outerduotvallto preesure~ssuringtube, 
IIlOheS 

Mach nmber. 

massflow,pouudspereemId 

ratio of mass flow after tims interval to lnitlal mass flow 

totalpressure, pounds perequarefoot 

alternate-duct-inlet turning radius, in&es 

lndloated airspeed,mlles perhour 

angle of attaokof nacelle,degrees 

Subscripts: 

0 freestream 

2 conqreeeorr Inlet 

a alternate duet ’ 

av average 

I initial co&ition 

The inlets Investigated (See fig. 2 for typloal mdel.) vere 
oonstructed ofwoodaadhad a28-lnahmaximumdlamter. At the 
vertloalplane oftheinletguide vanes or oonrpressor inlet, the 
Internal duet had a 19.3~In& outside dlmeter snd a 13.3~inoh 
inside diemeter (acoeeeory-houslngd~ter),whlohreeulted Wa 
oom~esor-lnletareaof a~imately@3equareln&es for all 
Inlets lmestlgated. The ~srloua ocmflguratlous were designed to 
proxtde two oomentrio annular duets separated by a duet-splitter 
rix- The gdnoipal wqments of atypi~lintemalwater-inertla- 
separation Inlet sre showu in figure 1. The nose inlets wem 
mounted onthe olroulsx afterbodyused inthe investlgatlonreported 
In refererme 2. 
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The angle of.attack @,the modelwas v@qd.bytu~Wngthe 
inodell.uahcrrieontalplane. The top .a& the bottom nf the nacelle 
thus coxu~~~ponded to the horizontal axis of a,ty&%al nacelle on an 
alroraft. 

Two typee of main-duct tma~eeaor-Inlet soreenwere ueed in 
the lrme8tlgation. The purpose of these eoreene was to obtain 
rapid blookage of the main duet in au icing oondltion and cause 
the water inertia separation provided by the al$eruate duet to 
bectam effective before the guide vamm loed. severely. The firet 
soreen conelated of oonoentrlo streamllued wires 0.192 Inah in uhord 
and 0.048 lrmh~in thlckuese with a center-line spacing of 0.312 Inoh. 
The eeocd screen, wed ae a eubetltute for the first screen, oon- 
elated of ocmoentrlo round wires of 0.062~%mh diameter with a 
center-line spacing of O.i56 Inoh. Elo soreen was Installed In the 
alternate duet. 

A woup of four.flat blades (fig. l), eaoh 0.75 by 3.0 inchee 
in size, 9.062 lmh thick, and epaoed 90° apart clmxzmferentlal.ly 
at the oaqveeeor-Inlet section, served 88 108 micatore. The 
blades were mounted with the 0.75-iuoh dimermlon parallel to the 
air stream. The size of these blades was such that a high water- 
oollectlon efflclency wae assured apd a comparison of the quantity 
of lee oollected on the blades for the various inlets in ioing con- 
ditions wae au indication of the inertia-eeparatlon effeotlveneee. 
For emme etudles, one of the flat blades wa~'replaoed by a tpplcal 
I.-lmh-ahoH oumed inlet guide vane in order to determlue lte lolng 
characterietloe in au iuertla-eeparation inlet. In order to deter- 
mine the lolug characterlstioe in the altarnate duct, en ioe- 
indic8tor rod of 0.062-In& diameter was placed dn the vertloal 
plane of the trailing-edge of the duet-splitter ring (fig. 1). 

At the compreeeor+n.letplane; four ?+ube~electrloaU.y heated 
rakes were used to deternine the radial profiles of velocity, maae 
flow, and total preseure. The center tube lneachrakewaEl a 
static-pmeeure tube and the remainder were t&al-~eeure tubee. 
The rakes were clrcumferentlally epaced about the cvseor Inlet 
In order to determine the aerodyneunlc effecta of.angle of attack 
onthe performam e of the various inlete. Two additional rakes, 
each oo*ietlng of five heat.ed tubes (four total-pressure tubee 
and a.qtatlo--sure tube), were mounted in the alternate duet 
(fig. 1) on the horizontal axle of the model oenter line. Two 
electrioally heated statlo-pressure tube8 were muuted In the main 
duct ahead of the screen between the duct-splitter ring and the 
aoceeeory homing. Pmseurereedlng~~ frcm4lltherakee wme 
photograghioally recorded from multiple-tube manometers. 

* . 
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Four inertla-sepsretlon inlets ti one direct-ram Inlet were 
investigated. CoarlLin&esforallinletsprlthreferemce tothe 
nacelle mselnthe dlrectlonof the=-axis ti theuace1l.e cehter 
line ln the directionof the y-axis are given intables I to III. 
~eouterc~~~andthelnlet-llp~lweredeel~onthe 
basis of results reported in reference 1. 

Thefollmvingtable peeents the ~rincipaldesigudimmslous 
andarearatlos for the alternateducts of the inlets lnvestlgatedr 

config- Radial Desi~lnlet Deslgnminimum 
uratlou nacelle-inlet offset area at 

area $2) inlet gap 
(es id (I::) (w in.1 

A 109 w-w mm- -- 
B 109 2.2 1.3 71 
C 

2: 
1.6 85 

D -1.4 74 
E 1.1 1.9. 99 

Duringfltting of thevarious ocm~onents audlnstalUtloninthe 
tunnel, small changm lnthe dlmemslonswere unavoidable audthe 
effeote of these chaugeswillbe eubsequentlydlscuseed. 

Cross eectlcus of the inlets lnmf3tlg&edare showu inflg- 
ure 3. Forccmflguratlous AaudB, the lnletsweredeslgnedto 
accoumodate a etaudard production turboJet engine; whereas far mu- 
figurations C,D, aulE.the entranae leadingto the cmPreseorwas 
mcdifledlnthe interests of impmvedairflowbyasheet-metal 
fairlng, as ehownlnfigure 1. 

The internal contours of the dixect-reminlet (confIguratIonA) 
eervedas abase llnefarthedeslgnaf analteruateduct. Then 
alternate-dwtinletwee ohoeento benear the accessory-housing 
no88 (flg.l) lnmderthattheradlaloffsetof the duct-splltter- 
ringnceedldnot cause enampt change lnthemaln~uctarea, 
with attendant large masure losses. The alternate-duct mPws.s 
thenoaloulatedueingthe elmPlifleddeslgncharte of reference1 
for a droplet size cxf l5 microns and a duct-air velocity at the 
gap of 550tilee Per hour. The pointatwhlchthe gap occurs ln 
the alternateductwas arbitrarllychosentooccurat the 90°point 
of the turning radius (mqxment G, fig. 1). The mlnimm srea of 
the slternate duct was thus eetebllshed at the alternate-duct gap. 
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This min¶mmareaspemifles themsximramsse flowthatthe alter- 
nate duct may pass. The areaEp'aduallyl~reaeeddownstreamof 
the entrameaFthe cmpref3eorface. The anglethat themaln-duot 
screenmakes withthe acceesatyhouslngls detemlrmdby the space 
available between the trailing edge of the duct-splitter ring and 
the bearing etruh orthe guide~vane location. ConfigurationD 
was similarto C except that the gap &Dwas srbltrarilydecressed 
12 percent, as shown In figme 3. Cozlflguratlon E resulted frcm 
the ccmbinatlon of the nacelle shell of configurations C and D 
with the duct-splitter ring of configuration B. ,!I!he altenzate- 
duct gap was set at.l.9 inohee to pass a large mass flow, to reduce 
pressure losses, and to determine the water-separation effective- 
wee of large gap Inlets. __. 

PROCEDURE 

The aemdym&c ircveetlgatlons were ctiucted ln the Lewis 
6- by g-foot lclug-research tunnel at a tunnel-air weloc+ty of 
app-oximkdy 250 miles per hour. l?xfae lnwestlgatlane were tie 
with the ecrwne removed et angles of attack of O", 2O, 4O, a& 6O 
to obtain aercdynamic data Mepstient of screen losses, at mass 
flows perunitarearanglngfrcm10to30 pourxls persecoladper 
square foot. !Che mdelwas.also Investigated fm the same rauge 
of conditions with air flowlug through only the alternate duct. 
The main duct was blocked with a plate at the screen looatiou In 
mder to e-late a fully Iced mreen. 

The icing lnwestigatious for each configuration were cou- 
d~ted~ereimiLartunnellcingc~ltlons lnorderto Fo'vUe 
a ccamonbasls far comparison. Each inlet was lnmtstigatsd at two 
different mass flows with the main duct blocked $rt mder to deter- 
mine the effect cf sir velocity throu@ the alternate duct on the 
duct Icing characterlatlce. The Inlets were then investigated in 
icing 0aPldltlcms wlth the main-duct screen Installed. 

The icing studies were coznducted et tunnel air velocltiee 
raugiugfrom100to 250 mllss psr hour ti atanmgle of attack 
of 00. Droplet else and water conceutratlon were determined by 
rotating xtultlcyllnders. Ths mean effective droplet size was 
apprarlmately10mlcrons. Water concentrations from 0.6 to 
1.5 grams per cuhicmeterwere used. The total air tmpsraturs 
in the tunnel rangsd fman loo to 2b" F. The.duration of the Icing 
periods vszied from 2 to 24 mfnutes. At the end of esch icing 
period, photographs were taken of the nacelle nose and duct- 
splitter ring, the altemnate duct a& elbow, the compressor-inlet 
screen, aml the various ice lIldlcs.tore. 

_ .-- 



Aprrodynamio Reslilts 

!iihe ~Slll-8 lOSS 8tvarioue lTLkSSt8tiOIlST8S 08bUhtSd8S 

PO-P, vherethetotslpeasure P wssobtalnedattherequlred 
1IlstrumeIlted StatIon. The Integrated averagetotal-pressure loss 
of all the wmpressor-lnlet-statlonr&3swas chosenas the oonflgu- 
ration pressure-rsoovery value. The results ~esezrkd vere not 
oorreotedfortmnel;wall lnterferenoe audblookl~effeats. The 
total-pressure loss of the direct-ram inlet,ie used as a bssls for 
onnrparlsonvlththe lnertla-separationoonflgurstlons Wvesti- 
gate& The pssureloss of the various oonflguratlons Is pre- 
sented lndierm3 of themass flmrperunltareamessuredatthe 
ocalpressor Inlet. Theeffeotof varyingthe snglet of attaokof 
themodelfrmOOto 60ontotal-gax3s6ure1oss, olrmmferentlal 
mass-flow variations, and velocity pr@lles at the ctcmpressur inlet 
vere negllglbleforalllnlets lnvestlgated; therMare allaero- 
dymmlo dstssre presented.forana@e of attgmkof g0. 

Main-duct px~ssure losses. -In general,fornommlnoniclng 
operation, oompressaral.rgassedtbro@ onlythemalnductand 
thetotal-pressure loss for the oonfiguratlonswss afunctlonof 
%he naoelle-hlet area, the mass flow, & the area dWTusTon char- 
wterlstlos of the inlets. onlyforverylovmsss fluus didthe 
airpassthKsughthemain~alternateduotssiEzltaneouelyfora 
nonlolngoomUtlo+;hovever, any effect due to flow lnbothduc~ts 
onthe losses was negligible. The4 pressure 1-s Infigure 4 ls 
presented ln terme of (PO-Pz)/P . 

In? 
As shovn In figure 4, the 

inlets having a large nacelle- et area (oonfiguratlons C, D, 
an8E)~aconsiderablyLowerpressureloesthanthesmaller 
wells-lnlet-areaoozSlguratlon Bbeoause of the dffferenoe In 
dynsmlo pressure forslmllsrmas~ flows. Onao&pmatlvebssls, 
oonflguratlons C&D agpmachthepressure-lass valuem engerl- 
enwd 6th the dlreot-rsm Inlet (oomflguratlon A). 511 ohanges 
lnsxeaatthe alternate-duntlnletdidnot appreolably effeot 
the IueLlIl-dmt pressure-loss values, asshombyaompsxlsonof 
oonflguratlons C and D. Thedeorease lnpmssure-loss valtuw for 
oonfQurationE, as o~vlthvslue~~ foroo&YguratloPB, oan 
bemalnlyattrlbutedto thedemesseddynmlo paressure inthe 
naoelle lnlet,vhlchresultedlnlower expanslon&sses at the 
alternate-dust inlet. In addltlon, the lmgnxmddesleplofthe 
expsamlon section damstream of the duo&splitter rlq (fig. 3) 
also aontrlbuted toareduatlonin~sare lmses. 
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From ti analysti of the statlo-pressure measurame nts obtalned 
In the re@on between the duot-spllttq? ring snd the aooessory 
houslq, It rsae oouoltied that the flow separation off the dust- 
eplltter riPg ocourmd at the alternate-duot.inlet, espeolally for 
oonflguratlon B. Thesnaallerdeeplesofflowseparatlonforoon- 
flgur~tlona C and D were d,ue to the lower duet-veloolty preseure 
far a given mass flow aad to au Improved felr+g of.e.duot- 
eplltker-ring leading,ed&e. 'Conf'lguratlon E showed a high degree 
of flow separation, similar to conflguratlon B, primarily beoauee 
the ssme duo&splitter ring wss used. 
obtained in these lnvkstlgatlons, 

On the basis o$ the results 
It appears feglble to expect a 

demease In the press~ losses Par oonflguratlon 3 by refslrlng 
the Inner side of the ductrsplltter ring so that a oontour and area 
ratio similar to oomflguratlons C azd D me obtained. 

Alternate-duet preseure Losses. -Pressuremeasurementsmade 
In the alternate duot with the maIn duet blooked by a olosure plate 
to elmlate oomplete blockage aP the soreen by lee (fig. 5) shared 
that, for low mass flows through the alternate duet, only a small 
lcss ln total-mesure ratio PO-Pa/PO ~PBB experienced. At ht&er 
msss flows and ss t&e choked air-flow.oondltlon for t&e dwta vss 
app-owhed,the pressure loss lmreasedrapldly. 

Ane.nslyals oft@em4x~maaee flow~slngthrougbthevar- 
ious oonflguratlons lndloates that oonflguratlon B operated at a 
mssa flow greater than that produced by sonlo veloolty at the 
design minimum area. This oondltlonaouU.not euiet,hovever, 
bsoause the pressure dlfferenoes available akoss the modelwere 
lnsufflolent to l&me sonlo flojr. It -therefore Is evident that 
the erperlmental alternate-duet-Inlet gam and aress w have 
varledfromthe deslgnaxeas aud gaps. The followIngtable pm- 
sent6 the mass flow at the nhoklng Maoh nmiber based on the design 
values of the alternate-duet-lnletareafor eaohlnertla-separation 
Inlet, the msximm air-flow values measured In *e Investigation, 
and the ml- design axea of the alternateduct inlet. It should 
benoted thatthemiss flowperunltflowsreaformstourrent 
turboJet engines 18 of the order of 30 poumls per second per square 
foot, or greater. 
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B 22.2 
c 26.6 
D 22.6 
E 31.0 

71 
85 
74 
99 

Asmallchaugelnthe alternateiluot-inlet areaac gap, ma 
smallchauge lnthelooatlonof themlnimum-sm3agolnt lathe 
alternate du&,would ohange theMa&nmber oonslderably at large 
mass flows. Because of the mmplex ourvatures of theoonflguratlon 
duote, no aoourate lprsa8meme ntsoflnletareasoouldbeobtalned. 

ExtrapolatIonof the dataprwented infigure 5for conflgu- 
ration B to a point at whloh the total-pressure-loss curve beoamss 
approximately vertloal (0oIldltion of ohoked air flow) lndlcates 
that the erperlmantsl Mnlmumalternste-duot-lnletareamusthave 
approauhedavalue of appraalmately75squsxe hdms rather than 
the design value of 71square dnohes. 5imilar aaloulatlorre for 
the remaining conflguratlons lndloate that the desl5n areas were 
olosel.ysimilartothe oalculatedeqerimsntalareas of the 
alternate-duet Inlet. In view of these conslderatlons, all oalou- 
latlons of Maoh number In the following se&Ions of this report In 
whloh mufiguration B ls dlsoussed were made wing a mlnlmm 
alternate-duct-inlet area af 75 square Wee. 

An knalysls of the alternats-duot flow &ara&eristlos la 
shownlnflgure 6where theMaohnumber attheminlmmarea of the 
alternate-duet inlet ls resented as a fun&Ion of the mass flow 
per unit area. n?thest3~sEcreextendedtothepolntwhere 
the duet Maoh nMber ls equal to unity, only oonflguratlon E would 
passamae8flowompar&le9to ourrent emglnes. At this mass flow, 
however, theatteIlCtantwer-alltotal-pressure loss ls extremely 
severeauduusatisfaotoq. 

l%e over-alltotal-pressure-less values at the ocmpressor 
inletfortheinertla-separatlonmodele her8lnmpOrbdWere wtry l 

smlar over the rauge of mass-fl.ow~ues Wvestlgat& (fig. 7). 
The hi& pressure losses shown inflgure 7 were oaueed by losses 
In the alternate duet and the diffuser losses frcm the tralllng 
edge of the duot-splltterrlngtothe ompressorlnlet. A plot of 
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the Maoh number at the alternate-duet Inlet as a fun&Ion of over- 
all total-pressure luss inthe alteinate duot lndioates that the 
pressure losses atagivenb%mh numbervarydireotlytiththelnlet 
gap (fig. 6). It la agpa;rent that as small a gap as possible 
should be used In order to mix&nzlze the pressure loams at a speoiflo 
Maohnumber,prmltledtherequlr&lmass flowcsnbepassedtbrou& 
theduct. 

The cmrves shown In fIgurea 6 aud 7 may not uecessarlly be 
usedforothervalues offree-etreamMa&nuuiber MO. Beoauseof 
tunnel-airspeed limitations, it was imptxslble to differentiate 
satisfactorily the effects of small looal aouflguration changes on 
pressure losew inthe.alternate duet f&m&&se effeots that might 

, be oaused by the nacelle inlet at hl&er free-stream Maoh numbers. 

Calculatlous based onthe etxperimntal data showed that the 
ddffuser effloiencles of the aonfigurstions frm the tralliIlg edge 
of the duot-splltter ring to the oompressor-inlet seotlon ranged 
fPont 60 to 77 peroent. 

The 1~ diffueer-effiofenoy values obtained In the investl- 
&ions are attributed to two faotors: (1) the large effective 
angle of diffusion that was required in order to diffuse to the 
ocmpressor Inlet in a relatively short axial distance; ard (2) the 
manner In whloh the a&osure plate, which bloolmd the main duet, 
fitted to the duot-splltter ring. Propardesl~of the dif'fumr 
sgotloneud theslope of the soreenshead af the o~gmissor-inlet 
seotion might, on the bssis of reference 3, give diffuser effd- 
oienoies in the arder of 66 to 90 pementevenatdtmtMaohnw&ere 
acing 0.9. The ocirrmt eween slope is imporhnt because 
the soreen, when loed, forms one wall of the diffuser (fig. 1). 

Applioatlon of'o&flmratlous investigated to exietiq n&nes - 
As a basis for mmparisonwith arelstlngturbojet engines, thee &ok-. 
iugalternate~uotmsss flows bssed onthe design alternate-duet 
minimum aress are presented in the fol&mlng table in term of 
o~eor-inlet flow area and projected cozqressm-inlet frontal 
area. 

configtl- 
fm?h&hglnass flow 

ratlou Compressor-Inlet Ccqmssor-inlet 
flow area frontal srea 

(lb/(sec)(sq ft)) (lb/(sm)(sq ft)) 
B 20.6 10.9 
c 25.0 13.2 
D 21.4 11.3 
x 29.0 15.3 

. 

. 

, 
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These data were caloulated on the bssls of a total pressure 
of 29.6 lmhes nmr~tz~y emd a tot&L tempetrature of amimately . 
700 3. Amass-flouanalysls of the ocmflguratlous investigated 
shows tbatonlythe alternate dust of oc&lgurationE, if applld . 
to aturbojet eugine,would allowmaximumeng$ne airflowatrated 
euglne speed;however,this aixflowoouldonly6epsssedthrou& 
the duct at the choking Maoh number with prohlbltlvely hi& pres- . 
sure'losses. Borfull-scale oonsideratlous, the alternate-duet 
areamustthereforebelmreasedto anec&ent that itwould pass 
sufflolent air to the engine at a reasonable Maoh number end pres- 
sure loss. This deslga requirement oould be attained with oon- 
figuration E by incmeasing the inlet gap about 26 percent anI then 
soallng the entire configuration to fit the engine. An Increase 
in the Inlet gap, however, does not appear to be feasible for good 
water sepsxatlon. 

Sample oalmlatlons bssedonaoorreoted.slmpllfled analysis 
presented In referewe 1 inbloats that the confIguratIons investl- 
gated greatlyreduoed thewaterthatwouldotherwlsebetakenlnto 
auenginebyadirect-raminlet. The.following table presents the 
results obtained frcxu these oaluuiatlons: 

Free-stream 
aImpeed 

bd 

A 
A 
A 
A 
E 

5.0 
7.5 

10.0 
12.5 
10, mean 

effec- 
tive 

250 
250 
250 
250 
250 

Ratio of water taken 
into eqine with 

lnertia4epsratlon 
inlets to 

direct-ram Inlet 
(p-e& 

InletB InletE 
15.6 26.6 
2.0 16.4 
0 3.0 
0 0 . 
2.0 8.4 

The assumptlous made for these oaloulatlons ware: (1) The simpll- 
fledallalyslt3 ofrsf8mno ells applied; (2)the flow ls Warn- 
preseible aud at standard sea-level oomfltions with no nauelle- 
scooping effects; aad (3) the msximm alternate-duct Maoh ntsiber 
was assumed to be 0.6. Iimressing the Inlet gap far conflgnra- 
tlonEby 26 peroent, as previousl.ydisoussed,would permit a 
water intake of 18 permmtofthewatsravallable at the nacelle 
inlet for the E droplet-size distribution In the preoedlng tab&e. _ 
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Because the air veloolty la the &aot and the Inlet gap are 
primary faatom In determinIng the 88pSratiOn 8ffeotiveness of sn 
lnlst, the mnst feasible alternative In apply- oouflguration E 
to an snglne such aa desorlbed In referemoe lwould be to inarease 
the radial looatlon of the alternecte-duot Inlet fhn the uenter 
line of the qaoelle,thereby inoreaslugtheinlet weaof the alter- 
nate duotwhlle &intainlngthe arlginal. gapdimnelon. l!hls p-o- 
08durevou3d inmoetosses necessitate aninuresse inthe over-all 
dfmenslons of a givennacelle lust&tlon, themby inmesslngthe 
drag 'of the nacelle, but m&Lntaining good vater-separat'ion 
effeotivenese . 

- . 
Effeotoftotal-~surelcwss onthrust. - Onthebasie of 

studies remrtedinraFer8nce 5. the 8ffeotofadeoresselntotaJ. 
preseure 1; an inlet oawes a d&ease in the thrust obtainable 
wlthanenglns ad alsolncmswqs the speolfio fueloon6umptlon. 
The relation of the total-pr8ssur8-loss ratio wlth thrust aml spe- 
aific fueloonsumptlon ds apprcximately linearsnd varies somewhat 
with free-stream Maoh nuder. The loss In thrust is a funotion of 
the rampmmmre loss a9 well as the loss innmss flow. 

The loss in thrustardino~sse in.speoifiofue~ oonemnptlon 
to be 6xpec?ted with use of the iRertis-e8psration inlets inV8di- 
gatedhemlnsre shownlnfigum 9 as a funatlonaf the Ma&mm- 
ber at the alt8rnate-duot Inlet. The dashed llnes indloate lines 
of oomtantnlaBs flow. l&n the cmrves shown in figure 9, it Is 
apparent that large perfomsnoe losses aanbe.ant~~lpated for the 
inkts investigated here- for aonditlons of#large msss flow snd 
hi& aXernate-duatMaohnunibezs. Borauaimraft,this loss in 
thrustwould oaourwhenanloiug~onditlonwss emounteredthat 
would oause the msss flow to shift to the alternate,duot. Further- 
more, the alrc3raPtwouldoontinue at this reducmlthrustev8naft8r 
pwsing out of the king oomdltion until the doe on,.the msin-duet 
sore8n had b88LI llbelted by operat+ ln wamek @blent air. Opera- 
tlonof anengine atmduoed thrustaudlno~as~fueloonsumptiou 
for any great length ckf time xould aomlderably redme th8 Speed 
and range at an.alroraft. 

Veloalty distribution at ocmpressor inlet. - Tygidal radial 
profiles of velocity (fig. 10) are shown plotted in terms of the 
ratio 09 the lombI. velooity to the average veloolty at a given rake 
station aa afumtion of dtmtwidth ratio Z/L. Alldatafor the 
normal nonloing operating oOnaltion (fig. 10(a)) were obtained 
without soreem ln.the dust a& at me;rlmum air flow. All Inlets 
lmwtl~ted showed apronounoedtend8uoyfmthe flowto separate 
ofYtheimersurfacm of the dwt-splitter ring, oonfirmingan 

. 

. 
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analysti of the static-assure read- obtained in the region 
betweentheduot-splitterringsnd amessoryhousiug, fro~.whlch 
It was aonoluded that flow separation 000urr8d near the lesding 
edge of the duct-spllttm ring. The percentage variation of the 
radial profiles of velocity wss apprazha tely l lO pement of th8 
sverage veloolty at-the coqpressor face. 

Radial profiles of -locity obtained In the alternate duet 
with the main duct blood at mtrxirmsn air flows (fig. 10(b)) ludl- 
cate that far a parray alternate-duct sp (wnflguratlon B) the 
air flow tends to separate frcm the outer surface of the duot- 
splitter ring. Ror large alternate-duct spe (aoufiguratlon E), 
the flow t8uds to separate in the elbow at the naoelle+all sur- 
faoe. The nonmiform proflles of velocity at th8 ccqmssor Inlet 
with the main duct blooked (fig. 10(o)) indloat8 air-flow separa- 
tion at the ells & the duot-splltter ring. 2!be percentage varia- 
tlonof the velooltyamcae the dwtatthe ccmpmssorlnlet ' 
averaged apprc&matelyf20 pement. NO appZWOiabl8 changes wer8 
obeermd lntheprofllesGltbachang8inmsssflov. 

The effeots of a nonmUformveloolty at the compr8ssorinlet 
on conqmn3sor peafornumc ehewenotbsenevaluated; hence, noesti- 
mate canbemade at this time of the loss inthrustthatoould 
ocourbyuse of suohnonunifomnvelouity~oflUs. 

Ioing Chsxaoteristlc3s 

The lolng charaoteristlos for the configuratlons inmstigated 
were similar, differing only ss to extent and local quant.lty of 
Ice on the various engine cmqonents. Bemuse ofthis simllarlty * 
of lolng&araoteristics, gen8rallseddesorlptlons of omponent 
lolugare presentedwlthmlnmdlfferences pointed out as requlzmd. 
Th8 Icing photogra$hs presented herein are typloal for all inlets 
except where stated. The solidlin8s of the sketohes imluded 
withsome of the photographs indicate theoortflguratloncompon8nts 
that are se8nlnth8.lclngphotogra~. 

Tgploal lee farmatlons on the nacelle-inlet lips and accessory 
housing, es shown in flgums U(a) s&L 11(o), were very similar to 
those encountered in natural lofng oondltlons (reference 6). The 
IoWg of the nacelle-Inlet walls was depe&ent on the lnlet- 
velocity rattos. In all oases, wall lee formations were observed 
at low maw-flow values that carresponded to low inlet-velooltg 
ratios (fig. 11(b)), whereas for high mass-flow values or high 
Inlet-velocity ratios no such wall ioe form&Ions were observ8d 
(fig. 11(o)). 
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The &Yeotofioingonth8rermainderof the naaeSie cxmponents 
will be dQmmmd in detail beoause the nwmerlnwhiah they 
tended to ioe lrdloated the effeutiveness of the inertla-sepsratlon 
Inlets. 

Screen lolng - In general, the lolug of the round-wire soreen 
was 8lmLlar for ail oonfiguratious (fig. 12(a)). As the round 
wires began to doe, the Ice formations were parallel to the air 
etrwm; however, w the effeotlve frontal srea was rsduoed by the 
loe,the air tmrvedaroundthwe fomatlons atxl passedthrou&the 
staggered rmm of wirw, In turn c.ausing the ioe formatlone to 
ourvetowardthe acmessoryhousing. Totalpreesure aud aerodypamio 
foroes 052 the iw formation samettis beam&e too great amI the ice 
ridges broke off and were psssed through or lodged against the 
screen, oauslng rapld and severe montentary llmss-flow and total- 
p3xmsure fluatustlcms. !Ehla rupture of.the lo8 riages ocmmrsd 
with both rime md glaze Ice. 

Whenthe stmmuliued-wire soreenwiththe greaterwlre spao- 
lngwas used,this curving of theioefomations as arwult of the 
stagger of the soreen wires ww even more evident. The greater . 
oollectlon effiolemy of the streamlined tires oaused a more rapld 
bulldup of 108 than the roUxId WiYXE. Anndrwmlngtendemy of 
the ioe formations on the stretmllwd-wire screen is shown In 
figure 12(b). 

-The Ice formatious onthe leading edge 
(fig. 13) for the configuratlous 

investigated exter&d into the alternate duet to a point at whloh 
the surface of the rlngvasta&nttotheleadlng-edge radius of 
the ring. For oases when the ioe formations on the leading edge 
also extended Into the main duet, the ioe tended to projeot for- 
vard into the ai~rs~smalongtheportious that were ~otrtding 
into the main duct ard in time might have blouked the alteruate- 
dust Inlet. 

Alternate duet. - Ih8 iaefomU?Mons In the alternate-duet 
elbow were oaused by 8eooIldary inertia separation 3.u the turn frcun 
the alternate-dust inlet to the alternate duet formed by the duct- 
splitter ring ~I%I the naoelle wall. Beoause of this effective 
seoodbry separation, however, the ridges of Ice in the alternate- 
duet elbow built up very rapidly and ahoked the elbow to au& au 
extent that the miss flow and total-pressure losses were severely 
affeoted. 

‘4 
!2 

, 

, 

-. 
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Front and rear views of a typloal ice ridge In the elbow of 
oonfiguratlou E are shown In figure6 14(a) and 14(b), respectively. 
Theselceridges ocmurred approrimatelyhalfwaythrough the elbow 
and protruded Into the air stream, thereby reducing the effective 
duct area. At timew,thsrldgeswere~sqythlna& brokeoff 
unsvsnly during an lolng period, which oaueed sevsre fluotuatlons 
andshlfts inmsse flow&total-pressurelossw. 

Because seco&ary lnertla sepfgmtlon OCOUFB in the alternate- 
duct elbow, a otilderable'smount of the remaining vater in the 
lnocming air ls ooncentrat8d near the slternate-dnot nacelle wall, 
ss shown by the lee formation on the 0.062-imh~iameter lce- 
-atlug rod in figure 15. The pofile of the lee formation 
shounlnflgure 15wss turned approximately 90°to the airflow 
to facilitate photographingthel0e formatlone. 

Besxlngstruts. -Ccmpmatlw photogrsphe of bearlng4tz-h 
lalug far a dir&-ram inlet (no soreen) and water-Inertia-sepsratlcm 
fIdet8 are shown in figure 16. Bearing-strutloingis aminorfaotorr 
wlth water-inertia-separation inlets (fig. 16(b)), whereas with a 
dire&-ram Inlet exkeuwly severe loing ooours (fig. 16(a)). The 
heavy depcslts of lw near the welle walls of the struts for the 
dire&-ram iulet were oaused by the deflemtion ohsracterlstlos of the 
aooessory housing and the Ice formations on the pace of this housing. 

Inlet guide vanes. -With the direct-ram inlet (no soreen), 
extremely severe loeformatlons on the lndloatorbladw were 
observed (fig. 17(a)). Thestralghtbladeehsdasmuchas2imhes 
oflceonthel~ngedgewithamax~frantal~lcknws of 
almst1inchduriuganlclugperlod of Wminutes. 

Straight-lzlaloatcm-blades ioing charaoteristlos are shown in 
figure 17(b) fop a typical inertia-separation Inlet. The greatwt 
amount of Ice with any configuration was approximately 0.25 Inch 
faranloing perlodof 2Ominutes. Format IzlleGs, the over-all 
separation effectlwness wss substantially similar and the differ- 
82x88 In sepsxatlon qualities were of a local nature. An exttmlna- 
tlon of the meguitude af iae formtious oolleoted on the straight 
flat blades for mufiguration A (with no soreen, fig. 17(a)) aud 
oonfiguratlon E (fig. 17(b)) shows that the water colleotion in 
the form of Ice for the ccufiguratlon E blade is, ap~imately 
8 percent of that for the dire&-ram idet. 
water colleotion is in olose 

Ilhls quantity of 
agreem9ntwlthcalmlat&vater- 

volume-intake percentage (8.4 pement) previous4 dlsoussed. 

The cmrwd blade for oouflguratlon A (fig. 18(a)) vas sub- 
jeoted to the same Icing condltlon as the flat bl&e ln figure 17(a). 
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!Che oomave side of the curved bide wae heavily lcmd and, bssed 
on the ~onventlcmal olose spacling for thie slze.blade.in an engine, 
thelnletguide vsuwvotLt.dhavebeenoompletelyblook8d ezoept 
war the'aoowsmy&ouslngsuzfaoe. 

VI 

. 

. 

Typical ourved-lulloator~blad8 .lolng for inertla-sepmatlon 
Inlets lg shown in 'figure 18(b). T.7mMrnoooqll*ionew8relarge 
deposits of108 observed onthe ourv8dbl.adewh8n thelnertla- 
separation inlets were used f& loing perI& 'up to 20 minutw, 
and furthemmz.8, no notloeable xssshrocpnins of the lee ocourred at 
the leading edge. 

AerodynamioI&FPiote of Ialng 

Althoughanez&newouldncrt eiperieme a.@k+s+se inmsss 
flow in the setme measure as the inlets Investigated, the reduction 
in th8 msss flow through the inlets in au iolug condltlon 1s indlo- 
atlve of the rate of ice formation ami prwsure loss in w various. 
all&i plkmges. Aerodynamio data for the lolug lnvestlgatlous mm- 
ductedrith the oonflguratlons are therefore presentsdinternm of 
the mass~flow ratio m/q ss a funotion of time In sn 10% oon- 
ditlon. Investlgatlons were made to detemine the total-pressure 
loss sud the deorewe inmsss flmwith time under varying Icing 
oanditlons, free4trsam velocitl8s,msss flows, s&type cfmain- 
dwt acmeen. 

The gmeral effest of some of thwe variables for oomflgura- 
tlon A is presented in figure 19. lpor simllsr icing condltlons, 
the mass-flow rate was reduoed mom rapidly at hi& Initial maem 
flows than at low lnltlti mass flows. The lnareased mrvature of 
the flow field sh8ad af the.naoelle for oondltious of low nacelle 
air flowd8measedthetotal mount of liquid water taken into the 
naoelle Inlet for th+e psrtloular inv8stlgatlq3s. The mduotlon 
of water in the naoelle main duet dwrewed the loing rate of the 
smmem aA oonse~uently the mass-flow reduc3tion rate is also 
deorewed . By a similar p?oasdur8, the 101~ rate for the lnehla- 
separation inl8ts is deorsased at low mass-flow rates. 

Tn gensral, the effect of the type of lue, glaze cr rims, is 
that glaze lee, whloh premails at higher air temperatures, oaus8d 
a more rapid blooklrrg of the soreen snd consequently a deorease In the 
time required to reach a given msss-flow valus than did rim8 ice, 
as Indicated In flgure.19. 

The effect of the type of lee on mass-flow reduotlonwss not 
obsermdln the inertis-erepsratlonoonf~gurat;~one,beoauee.09 the 

i 
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flowshlft frauthemalnduot into the alternate duct. Theresult- 
lng lee formehlon ln the alternate~uot elbow ContrOlled the 
reduotlon lnnaerss flow, ard the lee formatlcme were of au& a 
nature as to produce approximately eimilar msss-flow reduction 
rates ln all th8 oouflgumtlous. Cczaupeelsone of the reduction of 
mass flowthrough thelnertla46paratlonoonfiguratlons as afunc- 
tlon of tim in an loing aopdltlon at two smblent-air tamperaturw 
are shown In figure 20. Thie figure shows that, by the use of 
water-luertla4eparatlojn Inlets, the tims' required to reach a given 
peroentage of mass-flqw decrease ls apprarimately four times 
greater than that required by a dire&-ram Inlet (with somen) to 
rea&thesmevalu8ofmsssflow. 

The loss In total pressure with time In an loing condition 
gave the seme generalrwults ss dlsoussedforthemass flow. In 
general, ~et~requiredforthgtotal-~sureloes to reaoha 
partloular value for the inertia-separation iulets was approxl- 
matelyfourtimw greater thanthatrequlredfarthe dire&-ram 
Inlet. Icing investlgatlons of the dire&-ram lnletwlthout a 
screen showed an approximate loss of 1.5 percent of the initial 
total-pressure ~al.uedurlnganloingperlodof l5minutes -for 
msxi~1~airflowthroughthemod8l. 

All surfaces of a turbojet-e&n8 inlet on whlah heavy lolug 
oeours must be heated to wevent sxu8sslve lee buildup that may 
Impair the aerodynalo perfomemce. These emPace lnolude the 
naoelle-inlet lips, duot-eplltter-ring leading mige, alternate- 
duotelbowaMnaoelle+aUeurfaoe, ard the ncse of the acoeseory 
housing. The lolng of the aoowsory houslug may be serious only 
for Icing conditions ln which glaze lee ls enaountered or rime- 
lolugperlods ofseveralhoum duration. The surfaces must be 
heated to eva~atethewater overalare area orwatertraw 
must be provld8dto prevent refreezing af runbaok. 

The requiremernt far extensive looal surfaoeheating, insddl- 
tlontothe aerodyusmic penalties assooiat8dwlthln8rtia4eparatlon 

c Inlets ~lnocmpletew&er-dropIets8parationoutofthe air 
etresm,willprobablylimLttheuse of-these inlets as ameans for 
turbojet-eugiue lee 'protection. 
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NlMMmY OF Rlesmrs- . . 

Fram au investl~tlon of the wc am2 Icing character- 
lstios of several water-lnertla-separation,inlets of a turbojet 
engine, the followi?& reeults wer8 obtalmd:. 

1. Cauplete lclug pmteotlon for Inlet @id8 van8s of a turbo- 
jet engine oould not be aohleved, as evldenaed by lee formations 
on ap ioe-lndloator w In the alternate duet a& on laze-irxlloator _ 
blades at the oompressor l&et. 

. , - 
Comparative laing rates on lee-lndloat~ blades.for a dlrect- 

tism Inlet and luertla-separatlon Inlets shoved that approximately 
8 peroent of the volume of water available at the naoel&e inlet 
was not sepmated out of the air stream by the in8rtla-separatiou 
inlets im8Sti@8d. 

2. In a noniclug condition, th8 total-pressure losses of the 
lnertia-separatloninlets dwlgmdtohavelowdynsmic pressures 
ln.the main duct amoaahed that of a oonventicmal. direct-ram 
inlet. 

-. . 

3.Total-pressure-loss values for the alternate&mtsystem 
were oomiderably higher than for a ditot-rem inlet. It wae 
determined that the pr8ssure lossw for the alt8rIWt8-dUot systm -__ 
were a funatlon of duct &toh number and dust-diffuser aharaoteris- 
tilts . . Severe prwsure losses ooourr8dvhenthe duct Maohnumber 
exweded values In the ran&e of 0.5 to 0.6. ' 

4. No slgnifioaut effeots on total.-pressure losses, velocity 
profllw at the ccmpres80r.1121, or aimmferentialmess -flow 
shifts for the lnlets,lnvestlgated were observed for angles of 
attack up to 6O. 

5. Seoonbary water inertia separatlou in the altetite duct 
oaused heavy duot-elbm lolug and resulted In a. detcreaelzig maas 
flow aud rapid total-prqssure'losses, althou@ltheLla8 of lnertla- 
sepsratlon inlets inoreasgd the time required to reaoh a particular 
less in pr8ssure ormsss flarrby afaotor of a ppmximately 4 oom- 
pared with the time requiredbythe direct-ram inlet with mmpressor- 
inlet screen under the saw conditions. 

. 6. Amase-flow snalysis of all conflguratious shoved that 
only the mnfiguratlonwlth the largestalternat8-ductluletgap 
(1.9 in.) uould pass a msss flow through the alternate duot that 
is required by ourrent enginw. Thle air flow, however, could 
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only be passed throu&the duct&the choking&b wmberwith 
attendant high total--sure losses. Iage mass flow6 at Mach. 
nuuders below 1.0 at the minimum area in the alternate duet, 
resulting In lower total-prgeeure losses, msg be obtain& by 
lnoresslngthe diameter of the nacelle inotierto obtainalsqer 

. alternate-duct area. 

LewisFli&tRqulslmIaboratmy, 
National Advisory Cdtte8 for Aeronautim, 

Cleveland, Ohio. 
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TAB-1 - IulcmxE ouTsIDE4oETouR CooRDIawms 

wITHREVEWNCETONACElXEXEADING 

EmEAmmNTERLIIpE 

t 
0, OUtSid COntOUr; all valuea in inches 

1 . 

Canter line 

X 30 X 30 X J-0 I 
X yo 

0 
,188' 
-375 
,750 

1.500 
3.000 

Configurations A andB; leading-edge radius, 
0.375 at 6.563 above oenter line 

13.90 
14.00 
14.00 

1 14.00 

Configurations C, D, and E; leading-edepe racllue, 
0.375 at 7,563 above oenter line 

0 7.55 3;Oo 9.87 10.50 12.37 18.00 13.64 
-188 7.87 4.50 10.50 12.00 12.70 19.50 l3.80 
-375 8.07 6.00 11.04 13.50 13.00 20.37 13.87 
.750 8.43 7.50 11.55 x5.00 13.28 

1.500 9.00 9.00 12.00 16.50 l3.50 

l - 

._ - : 

4 
El 

. 

. 

. 
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c 

b, 1nsld.e contour; allvalues inlm+Ai] 

ter line 

config- I 31 Radius 
uratlon 

B 8.187 8.375 Rl 2.50 
12.875 8.250 R2 3.00 

C, D, E 8.12 9.50 Rl 2.50 
13.10 9.00 $ 2.50. 

X Jr1 X JY s 31 X I Yl 
Codlmratlon A 

0 6.55 6.00 5.90 15.00 8.65 22.50 10.12 
-188 6.20 9.00 6.00 16.50 9.05 24.00 10.30 
-375 6.10 10.50 6.85 la.00 9.35 25.00 10.43 
-750 6.00 12.00 7.55 19.50 9.65 26.62 10.50 

3.000 5.95 , IS.50 8.15 21.00 9.88 + 
ConflguratlanB 

0 6.55 0.375 6.10 19.00 XL.38 
.l88 6.20 -750 6.00 26.62 10.50 

ComflguratlmsC,D,~l# 
0 7.55 7.00 7.00 18.50 11.37 23.12 10.94 

-375 7.19 l5.50 11.50 19.50 11.29 23.87 10.77 
I 1.500 -750 I 7.06 7.00 I 16.50 17.50 I XL.46 Il.43 I 20.50 21.62 t 11.16 10.94 t 24.87 25.87 I 10.25 10.50 

T . 
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TABLE III - CWRDIIUTI!SFaRDTJCT-SPUTTJ!Z ImG A?D AcClBs~- 

insid contour and o, outside oontour; all values In imhes I 

Canter line 

r I 71 yo X Yl jfo I. X pi po 
Colrflgumtidn B; leading-edge radius, 0.600 

12.00 8.70 8.70 I.3.25 8.18 10.05 IA.00 9.02 10.00 
1 lk.25 8.25 9.52 13.75. 8.32 10.10 17.00 9.25 9.92 
l2;50 8.16 9.84 14.25 8.52 10.10 18.00 9.42 9.85 
12.75 8.06 9.90 15.00 8.75 10.07 19.00 9.57 9.77 

ConfIguratIon C; leadlnpedge radius, 0.600 
12.24 8.75 9.75 14.04 8.81 10.25 18.04 9.50 9.95 
12.43 8.62 10.00 15.04 9.03 10.20 19.04 9.62 9.85 
12.78 8.50 10.19 16.04 9.20 lo.w 19.54 9.66 9.80 
13.04 8.56 10.25 17.04 9.35 10.05 19.87 9.70 9.70 

Configuration 9; leadinpsdge mdlue, 0.600 
11.90 8.69 9.50 13.04 8.56 10.25 17.04 9.35 10.05 
12.04 8.56 9.80 14.04 8.81 10.25 18.04 9.50 9.95 
lZ.29 8.47 10.06 15.04 9.03 10.20 19.04 9.62 9.85 
12.54 8444 10.15 16.04 9.20 10.15 19.87 9.70 9.70 

Configuratl& E; 18adiIlg-&@ radius, 0.600 
-'.- 12.31 8.70 8.70 X5.56 8.18 10.05 16.31 9.02 10.00 

15.56 8.25 9.52 14.06 8.32 10.10 17.31 9.25 9:92 
12.81 8.16 9.84 14.56 8.52 10.10 18.31 9.42 9.85 
13.06 8.06 9.90 15.31 8.75 10.07 19.31 9.57 9.77 

Accessory-housing noBe ooordiaates 

X Y X Y X Y 
= 

Jr 10.000 0 12.125 3.90 15.125 5:65 18.125 6.40 . 
10.625 2.15 13.625 4.95 IS.'s25 6.05 19.625 6.60 

=-!!z7 - -. .- .- 

. . 
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. 

Bi@e 2. - Instsll.ation or typiosl lnterxtal Irater-lnertiasepuration lmoelle 
Inlet Ill lolng+elaearah tunw1. 
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contier l.lne 

------- tY&iguratilaPl A 
aani~tl~ B 

- 0 6 
nmhos 

(8) Ellgb-lnlot-velol3lty ll8oollo. 

--m-e 
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aaangw8t1m 0 0 2 4 b 
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---- 0c8ulgrmt1ca E 
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Mass flow per unit area, lb/(seo)(sq it) 

Figure 4. - Variation of over-all total-pressure-loss ratio 
with mass flow per unit air-flow area at oompre6sor Inlet 
for normal operation with main-dwt sorcen removed. Air- 
speed, 850 miles per hour; angle of attaok, O". 
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0 0 16 04 
Mass flow per unit area, lb/(seo)(sq ft) 

Flgure 6. - Variation of total-gre8sure los6 in alternate 
duet with mass flow per unit air-flow 8rea at ooqpreasor 
inlet. Maip duet bloaked; uirrpeed, 260 miles per hour; 
angle of attaok, 00. 
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1.c 

.e 

.E 

.4 

.2 
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I 

Hasgeflor per'& areaylb/(seo)(taq it) 

‘. _ 

Figure 0. - Variation of alternate-duet Maoh number with 
mu8s.flow per irnit afr-gow are.a a,t ooqpreesor inlet. 
Maip duet blookeda airspeed, 860 miles per hour; angle of 
attack, O". 
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: 
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v 

FQure 7. - Variation of over-all total-pressure-loss ratio 
with mass flow per unit air-flov ureu at oompreseor Inlot. 
Main dwt blooksd; airspeed, 5260 tiles per hour; angle of 
attaok, 0'. 
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config- Design 
'uration intg.pp 

; : 
1.9 

v St 
Z! 
1.9 t 

I I I I /IA/ 

Maah number at alternate-duet inlet 

Figure 8. - Variation of tot&l-preesure-loss ratio with M&ah 
number at ulternate-duot inlet for various inlet gape. 
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24 

20 

16 
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8 

iz Configuration El c\ B\e.ndD 
d 0 I I I I I 

0 .2 .4 .6 .0 1.0 
Maoh number at alternate-dust inlet 

FQure 9. - Perfomana e losses associated with 
inertia-reparation inlete. 
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1.8 
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1.1 I I 

I I I 1 M/ I I\ I \ 

I 

I I 
I 

2 c I 1 
D t 

-- 

.Y _.: -=-EC 
. 

.8 \ 

. 

-7 
0 .% .a .6 .I3 1.0 

- - 
. 

-- - 

(b) Alternate duot, main duat blooked; -#mum ma66 
ri0- par unit mroa, appmxhatai;r 19 t0 88 pounds 
per moor-id per square foot. 

FQure' 10. - Typioal radirl velooity profilea. iirsposd, PI30 
milea per hour; angle of attrok, O". 
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. 

(0) Compressor Inlet, main duet blooked- maxlmum ma66 
flor per unit urea, approximately 14 to 22 pound6 
per seoond per square foot. 

P "igure 10. - Concluded. tfypitJa1 radial Velocity pr8fih6. 
Ahspeed, 250 miles per hour; an&e of attaok, 0 . 
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(0) Teqerehm?e, 200 P; ioipe PcrltYd, 
15mwutua3ipit1alnmaflolrper 
anlltarea,23.4pnluuB parseoold 
pr SQufmE foot. 

sl&ure Il. - 9$gbal loo fcum8tlons on nMoll.e-~t lfps, nwelle-Inlet walls, ard 
woee6~ howing far 0oixeigmatLon E. A$ru~,2XImiail00 psrhour;llQuUkater 
oontent, 0.6 m per oublo wter. 
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(a) Clonfigurstlon A; read& eorwn;~ 
~oingparll%,7lalntea;initial 
mMmfbmpekruDltarea,21.9pormde 
psr 88ood per agum? foot. 
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Direotlonof paotograph 
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I- -.L - - I 
Dire&Ion of photomph 
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(a) Corfl@ratbn A; no eureen; lobg parlod, I.5 mimrtse; initial - 
flowprunltama, 25.4 poudm perm~oardperequarefwt. 

(n) configuration c; direedlwd~ aormn; lolng prlod, lo minutee; 
Wltlalmam flovpaunitarma,27.2 m poreecmxl gerequere 
iwt. 
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. 

. 
(a) Conflgwatlw A; no soreen; lnl~ period, I.5 mlnutma; inltlal maam flow par 

unltarea,Z8.4 pounds psreeooldgsra~uarefoot. 
. 

FQum 17. - 0anpnr3non ar flat-lnlet-gulde-varke loin6 aburaoterletlom for dlreot-rem 
inlet arYl tJplaal lnetla-aeparatlw fnle. Ab~~al,2SOSbtspsrhour;lLguIb 
water uontent, 0.8 gem per oubio meter; tempmture, 100 B. 
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(a)ConfQmatlonA;lolngperlob, lSmlmuk8; inftidlmmw flo~p 
unit ares, 28.Cpounlb permmodpr8q~fQot. 

. 

. 

C-25685 
4-24-50 

(b)Confl@matlonD; loingpsrlad, l2mlnnt88;lrxLtlal~u flovpar 
tdtaea, 17.8 pormde ~seocd~aq-foot. 

Bi&lre la. - camparl0on 02 flunsb-inlet--n ioine ohmmotarlutlos for dbeot- 
r~lnletauItyploaI lmrtlalasetgmstionlnlet6. Urapeed,2somIIeagarhour; 
11gtIlll4ater0ordmt,0.6 @3mgeronbiamter;t6mpe?sture, loor. 
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I I I I I I I T mr I I I 
(“PI (liL3 1 

, 
A 10 26.2 
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0 2 4 6 a lo -I 9 

Iolng per-&d, min - 
-- mm . 

Figure 18. - v6I’iatiOn Of llL666’-f1OW ratio for OO~i&UPPtion A 
tith tlaw In lolng oondltlon. Round-wire aoreem; rlropeod, 
250 miles per hour; angle of attaok, O"; liquid-water 
oontent, 0.6 porn per ouble meter. 
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l Q ’ I I 
0 4 8.. 12 10 . 

Ioing period, tin 

(b) Temperature, 20° B. 

Fl#Jlme 80. - oomparieon 0r ahang In ma88-rlor ratio for variow 
inlets as functlckn 0r time in loing condition. Round-tire 
sbreen; airspeed, 250 miles per hour; liquid-rater oontent, 
0.6 gram per oublg meter. 
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